
This is to certify that the following application annexed hereto 
is a true copy from the records of the Korean Intellectual 
Property Office. 



m S SI S : 10-2002-0069997 
Application Number 



m * U a m • 2002t3 1111 12i 

^4- * A . 4- ' N0V 12 ' 2002 

Date of Application 

* o. oi . ^«a»^siAi 




1020020069997 #^ 2003/7/10 

[AHWS3 ^§2! AH 

[5!E|^] mm 

[SSBS] 0021 
[SISSIXH 2002.11.12 
[^X||«8IS#] H01L 

aai eh ai &i ^ a xii s mm 

S^SSJ Capacitor of semiconductor memory device having 

composite AI202/Hf02 dielectric layer and manufacturing 
method thereof 

1-1998-104271-3 

[&9] OlgH 

[ CU £| oj 3 = 3 9-1 998-000334-6 

[S^¥lgjS^SlS3 1 999-009556-9 
[CHEIOJJ 

[CHE|oj3H3 9-1998-000541-1 

[Si^SS^&!sJ 1999-009617-5 

[gS2| gea^ll PARK.Ki Yeon 

[^eje^eJSJ 720407-1005911 
I^SS] 449-901 

3 3|£ geJAI ^ise feAHEl ^7-1 J\^A\ 
[^33 KR 

S^SJIJ KIM, Sung Tae 

[^eje^SSJ 601227-1002238 



35-1 



1020020069997 2003/7/10 
[^S«js3 137-071 

MmmmM m^=? M^m ecHomm 20-805 
i^m kr 

S^a^U KIM, Young Sun 

[^&JM^eJsJ 640717-1046422 
l^m&m 442-470 

[^±3 ^SlAI ft? §I§ 988-2 ^XIOFEFM 

711-1301 

[^3] KR 

[£g£l §?S:|j PARK , I n Sung 

[^eis^Ss] 680524-1895118 
C^eemj 137-073 

MmmmM m^=? ah 5=3^ 1511-4 302s 

[^33 KR 

[«S2| S^S^I] YEO.Jae Hyun 

730302-1621620 
[^a&sj 137-130 

[3^3 AHS^AI M^=? tJXHS 17-142 XI 3S 

[^33 " KR 

r^sxn 

[£S°J S^S^IJ LEE.Yun Jung 

[^SJ^^&IS] 750624-2068414 

151-080 

[^3 AHS^^AI y§§ 1081-34 

[^33 KR 



35-2 



1020020069997 

[^ei^eis] 



r§* 81 »: 2003/7/10 



?j:>l&l 
IM.Ki Vin 
710807-1009510 
441-390 

4*S1A| 5!<M^ 1 287-3 SI XI 201s 

KR 
§^ 

Oil 2| e S^I^AI- S S?SUQ. CHBiei 
0I3H (21) CHBiei 
(oi) 



20 £ 

16 s 

0 21 

27 tr 
i ( oi8,ooo a 

1. fief AH- 9 All AH 



29,000 SI 

16,000 Si 

0 SI 

973,000 a 



35-3 



1020020069997 ' #^ ^^>: 2003/7/10 

A1 2 0 3 -B-^^/Hf0 2 -fh€^ ^v)}*]7} 1 <=>}^9l A1 2 0 3 /Hf0 2 4^-R-^^# 7}*]^ 

«V£^1 v\)5LZ\ r^}^ ^^A]Ei ^3 ZL «HH 7flAl*Vrf. ^- ^6j| n|a 71 

BflAlE^ £}Jf ^^Jlf, ^>7l ^ iflofl ^efljg. A1 2 0 3 ^ Hf0 2 ^ 

^ £M2 ^-71 Ai 2 0 3 ^-71 Hf0 2 ^uj- ^ ^ 

€ ^-fr^^h ^71 ^-fi-^m- $H ^£ S^t)-. #7] AI2O3 -b-*i 

^ 30 ~ 60 A Si] *%^3L, ^7} Hf0 2 -n-^i^ 40 A *f-v\)S. ^^tf. 

£ le 

Tl^AlEi, A1203/Hf02 4^^^-, ¥^ Si* 
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a>^o s v = P ] ^-/^sj-^s^- 4^-0-^^ 7}^1^ aV^^l pfls-el i^>sl ^aflAlEi £ a. 
{Capacitor of semiconductor memory device having composite AI202/Hf02 
dielectric layer and manufacturing method thereof} 

£ 2^r Al 2 0 3 /Hf0 2 4^-fr3l^M: 7>^^ ^sflAlEioi]^ A i 2 o 3 -e-^^ Hf0 2 -fr^^r 
14s}- - 7 |.AV5).n| ^(ToxeqHl rfl*V ¥^ Sl^ff fit M-BrHfl zl 

£ 3^ Al 2 0 3 /Hf0 2 4^^^ 7>^1^ tH^aIe-]^^ A l 2 0 3 #31^4 Hf0 2 -fr^ 
o] ^}B]6\) ^ oj^^i ^RJrSj-^ rfltr rllojEil-Jif, ojs.^ ¥ *| ^ 

M-Ef^l So]c|-. 

£ 4^r Al 2 0 3 /Hf0 2 4^r#^§- 7}*}Sr ^3HEMH Oj^^v 7^1^ A i 2 o 3 

^ofl cfoj;^ -^o^ H f0 2 -R-^*- ^*r£# °H ¥^ ^^-^ #2}-!- ^Jtr ^ 

£ 5^ Al 2 0 3 /Hf0 2 4^^i^-# 7>*1^ 7^1^ 41*1 oj^*r 7> ^ ¥ Al2 Q 3 

-fr^ £p£tr Hf0 2 $-#n^r ^*r53* ^ €^*r 
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£ 6£- A1 2 0 3 ^ D J°S ^^^1 -ft^* 7>*lb uflS-g- THsflAjE^ ^ 

£ 7-^ £ ^°fl *r€- Al 2 0 3 /Hf0 2 7Mb ^^l^HH H f0 2 

n ^Ml* ^^^>7fl .H^JL A1 2 0 3 -fr^ 1 " ¥*H» ^-$1* nfl ^ € 

^» ^H§tr ^4* M-^^fl zieflHolcf. 

£ 8£r €■ ^°fl *r€- Al 2 0 3 /Hf0 2 ^-fr^* t^aIeHH ^^tb tMI 

* 7>*lfe A1 2 0 3 -8-^^- $H t}<£*> ?f-v\}°] H f0 2 3^8* °fl ¥i§ #fr3 

^4* ZLHfl^olcf. 

£ 9b Hf0 2 ^ -t-*H !4€- AFM (atomic force microscope) °1*M# ^-Bj-^ $ 

5. lO^r Al 2 0 3 /Hf0 2 ^-fr^ i2t 7>*lb TH^AjE^lA-l 7HH 
A1 2 0 3 -rrQ^ $H1 ^^tr Hf0 2 -fr3^£: ^*>£# *fl ¥^ 3*3 ^ 

£ ll£r Al 2 0 3 /Hf0 2 ^-R-^^g- 7}x}*= 7\n*\^<*X\ A1 2 0 3 ^-3^/Hf0 2 -fr*!^ 
^I«l7> mcf ^ nfl ^ 3*3 ^5r» M-Bj-^H ZLEflHojcf. 

£ 12b Al 2 0 3 /Hf0 2 4^*33-1: TiaflAlEHAi A1 2 0 3 *33/Hf0 2 *333 

^M7\ lit} aj-g. ofl b^ 3*3 nefl^oicf. 

£ 13£- ^ofl Al 2 0 3 /Hf0 2 4^-fr33* 7Mb ^BflAlE^oflAi A1 2 0 3 *3 

3/Hf0 2 *333 ¥*0«l7> 1 nfl b^ 3*3 >g^t u^-Ef^ HEfl = o]cf. 
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£ 14b £ ^ofl 4^ Al 2 0 3 /Hf0 2 4tKr^-£- 7Mb ^^AlEioflAi A1 2 0 3 
^/Hf0 2 -fr^^ ^1*1 7> 1 o]^-^ nfl ^ q-^ufl nsfl = olcK 

110: «>£^1 71^:, 120: SB 1 132: A1 2 0 3 -fr^, 134: Hf0 2 -fr^, 136: 

1*12], 140: 

^] 

#7}*\ ^ -g- ^Al^ ^ Sa^r -B-^i^- ^» «KE*ll Oflae) ^M 7i3flA]Ei 

<18> tiVE^l ^^]£7> ^7>^-o]i nj-sj. DRAM ^sfl^B-lb ^ £.4 

*§^M7lb y o^, §j=7fl *}b U-U, ^ ^« -H-fj-^ # 

3 #7M?lb o] n] n h^>^4. n^Ji, -fi-#^ ^Ml* # 

^Al^ 7l3flAl^^» ^7>A]7lb ^1 <4€" ^^^1€^ ^7><^ b 

^ #^f-7> ^^>7fl ^7><5>7fl £M ol ^ «A] 3-g-*Kr 31 *>^7> ^Cf. -fr^ 
^« 7Mb <« «^ Ta 2 0 5 SLb BST ((Ba,Sr)Ti0 3 ) ^ ^ -fr^ 
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SL3, A}-g-l5Kr ^-M^r, 7)^o\] ^g.*] A>-g-S}oi ^^r% 

TlsflAlE^ ^ 7]3flA}^^ #7}-Al7l7) ^1°J:€ °<H^ SH-S.^, 

tfl^l ^f-^r (work function^}- e TiN^lM- Pt -f-^f ^ ^-^-g- 

JiL Aj-g-^ MIM 7l2flAlE-l7> ^l^^Cf. O]^ ^ ^ 7><g A>5|.^ ^j-O. 

<^1*H -fr^o] ^ ^^Hl nn^^ ^-71 MIM ?1 

T^E^ ^^1^-O.S.Ai ^Efl-^-Ei ^O] A}&£\6) ^ T^A^ ^^9[A^ Si0 2 , 

Si 3 N 4) Si 3 N 4 /Si0 2 (N0) -f-^l 5U^. ^71 17m -B-^^-lr^r DRAM^ ji^aJaH icj-s. 

1 ^(scaling down)^ tMHl tftj-eji 5*4. °l &l £-7)1 -& ^-^-^7l -fr^M: 

<>l 8 cl^-o] Ai2 o 3> Ta 2 0 5> Y 2 0 3 , Hf0 2 , Nb 2 0 5> Ti0 2( BaO, SrO, BST %-°] tfls^Sl JL-fr 

Sfl^^>7l "fr*!^* #^^3- A>-g-^l ^rJL, -fr^M" -f^ Aj-^7]- €• 

£ Ti^Al^^ ^A] 71^1 2>O.^A-] jTO.^nV^ A]--g-0]j o^j-c^ ^ - 7># 
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<22> tflsaj*] <*}3-$r Ta 2 0 5 /Ti02, A1 2 0 3 /Ti0 2 , Al 2 0 3 /Hf02, A1 2 0 3 

/Zr0 2( Ta 2 0 5 /Hf0 2 , Ta 2 0 5 /Zr0 2 ^1 $X^. ^1 , -fi-*1^8: 10 ^£3. ^0.14 ^ ^ 

s.a^o] Al 2 0 3 2h -R-^i^ 20 ~ 25 ^5LS ^ ^^(band 

gap) 41 ¥^ #ff- «o v *l Hf0 2 # 5E#*Hr 3L±r tff^Hl 

<23> jz.^ Al 2 0 3 /Hf0 2 ^-fr^^M- sfl-g-SHr ^3 ^>£^1 

1- 7>^1^ &5L$} ^l-E&l ^>S] ^SflAlEil- afl^Hr ^Ojcf. 

<24> Cfs s.^ ^ ^BflAlE^ ±r*4 ^ ^7} ^rflsMz} ^ & 

H^- ^^HeI Al 2 0 3 /Hf0 2 4^^^ ^ *K£*11 nllS.s] ^ 

^ ^ *)-_§.] 

tH^aIe]^ ^ ^s)-, #7] ^ $H aV^s. A1 2 0 3 -fr&n ^ Hf0 2 -ft- 

#^§- i^Kn. ^71 A1 2 0 3 -fj-^°l Hf0 2 ^Tfl^ €■ ^ 

<26> y}.^^^ Aj-7] A1 2 0 3 -fr^I^r 30 - 60A^ ^IJL ^-^^cf. 

<27> SB*V ti>^-^^7))^, Hf02 -fj-^n]-^ 40A o]^>o| ojj.g. -g-^ i0 ~ 40A 
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U^SWlfe, ^-71 s}-^ *l^r TiN, TaN, WN, Ru, Ir, Pt, ^s-o] j^bJ-o. s o] = 

3 ^7>^ 7^3X(|AlE^ ^7} ^ ^1^-4 ^-^-B-^l^ A\o]6\] fgSgQ 

^^MItt, ^-71 ^ #^h£r TiN, TaN, WN, Ru, Ir, Pt, SE^r 4^0.5. °)^f- 

<so> 3L*h #7] -=-*}^g- ^^>7l ^§H, ^12 <3=3H nJ-€- ^r£^l nflS-Sl i 

7>£>] -TinflAlEi^ SL^- ^^0.3. ol-c^^^ ^3^, ^ a 

*r ^^TiLS o)i=Lo^^. Aj-u. ^ ^"71 f>}^ ^^-32f £^z. a} 0)6]] t^£)j7 

A1 2 0 3 -B-^^" 1? Hf0 2 o]^^]^ 4^-0.^^-0. jc^tf. #71 4^- -B-^ej- 

<HH A1 2 0 3 -ff^/HKfc $-$.^2) ^V\]V]7\ 1 ojAl-olcf. 

<3i> #7) ^*>7l 3^H, £ #51*11 ^]s.^ # 

A c v 7i *m ^-^i<4 ^-7i *ii 1 "f-nM ^ z\)2 ♦ Hfo 2 -fj-^m-^s <>i 

^*l*f 4tJ-a-^l^# ^"71 ^ ^1 ^ ^71 SL^-fi-^nJ- o^ofl #J=L ^q. 

<32> ^1-71 Al2 o 3 -B-^n^ ^ ^- 7l Hf02 0.^^ 44 CVD iE^r ALD ^i>-S ^€ =r 
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<33> £ ^tgofl aVs.^ "flS-Sl 9]^X\b] *fl2: «^<>1H^ # 7 1 ^-fi-^ 

^3, ^ ^-^H^o] 1-%^ 7}^ -g-^HHo} RTA (rapid th ermal 

annealing), (furnace annealing), €^^> , UV <H^^-i: 

<34> ig^ofl pjj^ ^2flA]E^ A1 2 0 3 -fr^/HfC^ ^r#^ ^ 

*H«l7> 1 ol^-o] Al 2 0 3 /Hf0 2 4^r^ v * 7>^ ¥^ ^-^-1: 

<=r. ^^i, ^l^m 7}x)±: Al 2 0 3 /Hf0 2 ^-t-n-^^Hl £\f>} 

^ ^s. <^ ^cfl^-Al^ ^ Xlop] ^Hrtr ^71^ 

<35> 4^1, £ i^^l «r^*> ^*HH cfl^H S^^r #s*H ^Ml^l 

<36> Cf-g-ofl oflAl^Hr ^*H1tt ^£^7>^1 tf^ ^BflS. ^ € ^ ^^.^ , ^ 2} ^ 

^7> #^*rfe ^1°H1 tr^fe <»>qtf. ^Hl^T # 

^f^H^l SE^", ^ ^ 71^ "^"ofl ^cfef^- 71 ?M ^-r- 

, #7} n^-ol A C V 7 1 t}^ nVo^ o^ofl ^ ^JE SUH, ZL Afojoll ^30^ cf^- 

<37> £ la Lflxl 2. le^r ^r^tr ^*HH *r€- ^15.3 ^*}$\ T^afl 
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5L la* %2i^ , ShE*fl 71^(110)^1 ^(120)^- ^ ^ ~ ^ ^A^ ¥ 

^^(120)^ #Hl^Hl^ ( ^ ^5)~§- SEfe ^^0.3. ol^- 
^ <r 5^. ^l* 1-^,^71 ^ ^^-(120)^: TiN, TaN, WN, Ru, 

Ir Hi^r PtS. ol=ol^^ i&<£^ g:^ ol^-^ °1^<H^ ^ &t}. ^- 7 ] ^-Jf 

^^-(120)^- 5L^§€ #el^sl^-o.s. *§^*Hr Tj-fofl^ A oM ^ #^-(120)°l ^21 
^^sl AVS^fe ^o. wj-^^ 7l Aj-71 ^ 3^(120)3 S^^- RTN 

(rapid thermal nitridation) *1&|*H -#7] ^^-(120) $H ^H}-g- ^s|-^-(£Al 

^)^§- ^W=r. 

S. lbl- ^S^, ^-71 *>Jf ^(120) $H A1 2 0 3 -3-^(132)^ ^fr4. #7] 
A1 2 0 3 -^-^^(132)^: ^ 20 ~ 60A, wV^-^^Tll^ 30 ~ 60AS1 ^-7?\)S. U^tf. 
Sth ^"71 AI2O3 -H-^^-(132)^l ^4=- ^*\}*\ Hf0 2 ^-^^-(134) (JE 

1C ^2:)£] ^F^l^t- ^"TlM- Dl ^7\] ^W". =L o)^6\] tfl *H ^ 

^7l AI2O3 -fr^(132)£r CVD ALD "c^-^S ^ 5^. #7l A1 2 0 3 -*f 

^^(132)^- ALD U^-^ ^*Hr ^-y-, 1 «H~I-5>1 TMA(tr imethyl aluminum)* 
Al~g-£}ZL *fl2 a}-§-#SAi 0 3 * ^}-§-^H ^ 200 ~ 500°C^1 ^£ ^ ^0.1 ~ 5 Torr^l 
S?i «HM o.S. *3tr^. ^*Rr A^Os^l n 

^71 #2}- ^ ^ 5^ (purging) ^"71 A1 2 0 3 -^-^^-(132) 

* Jfltr *fll ^-§-#5.^ TMA AICI3, A1H 3 N(CH 3 ) 3) C 6 H 15 A10, (C 4 H9)2A1H, (CH 3 ) 2 

A1C1, (C 2 H 5 ) 3 A1 HL^r (C4H9) 3 A1 ^ *}&^ ^5L 9Xr\, ^tr, #7l *fl2 ^-§-#3.^ H 2 . 
0, H 2 0 2 iE^r #B^> N 2 0, l-Hf^^r 0 2 ^ ^ «^s*€ #3M1» A r -8-*Hr ^3EL 7> 
^>u]-. ^"71 A}2 w>-§-#^ 0 3 » Al-g-^c^ A1 2 0 3 ^* Tj-fofl^r H 2 01- ^r-^H 
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^ ^ nr^ ^H3^ «1**>^, ^15)^ ^r^H^ « 

£ lc# % 1 -S^ > #7l A1 2 0 3 -^^(132) 3H] Hf0 2 -fr^(134)^- 
£4, Al 2 0 3 /Hf0 2 ^€^f. ^"71 Hf0 2 -R-*l*Kl34)£: ^-71 A1 2 0 3 

(132)4 £71 14 c| ^ ^11- 7}x}5m- q<$&t±. h>^^t11^, #7] Hf0 2 
(134)^- 40A °]f>}2) if-n, ofll- 10 ~ 40A^ ^S. *§<*§&t\-. 

^7} Hf0 2 -R-^m-(134)^r CVD (chemical vapor deposition) ^ ALD (atomic 

layer deposition) ^^-S. *g^€ *r SX 1 ^. 

#7] Hf0 2 -^-^^-(134)^: CVD ^ ^*Kr ^-f , #^ HfCl 4> 

Hf(0tBu) 4( Hf(NEtMe) 4 , Hf(MMP) 4 , Hf(NEt 2 ) 4 SE^r Hf(NMe 2 ) 4 s}- Hf 4^ #£4, 0 2 
7}^ a}&-5}°\ 400 ~ 500 ^ ^ 1 - 5 TorrS] ^ «HH ^ 

^7l Hf0 2 -8-^^(134)^: ALD »^°-S. ^*Rr ^-f , Hf i^S.^ HfCl 4 , SE^ 
Hf(0tBu) 4l Hf (NEtMe) 4 , Hf(MMP) 4( Hf (NEt 2 ) 4 2E^ Hf(NMe 2 ) 4 4 ^ $-7} ^*fl 

(metal organic precursor )# Af-g-^ji, 0 i^S^ H 2 0, H 2 0 2 , -OH ef^^r* If^b 
<g^, 0 3 S-fer 0 2 t^oft ^>-§-*H ^ 150 ~ 500°C^ ^ ^ 0.1 ~ 5 Torr 

3 #3 ^ *HH #3" €*Hr Hf0 2 ^^ <gol£ nfl^x] ^7) 

^ ^ ^ (purging) ^-§- ^tr^r. -#7] Hf0 2 -^-^^-(134)^: ALD 
^ ^ *>^r ^-f , ^vol 7^^, ^ 71^*1 (step coverage)* "£-8: ^ 
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Sl£7> ^ Hf0 2 -fr^(134)# ^ ^cf. 

< 45 > s. Id* ^-S^, #7l Hf0 2 -^^(134)°! *§#€ °I^&)(136)W. 

<46> # 7 1 tl^^(136)» *2)*Kr tfl^ ^# u^f^l #^7 r 

■M^ #3H o)*}^ 6> 7 }i|^^ S**!" 0 ^ (stochiometry)^ ^^1 

-fr&n ^ *l-fr«Hr Jl4^", -fr^°l ^ ^ #3)3. ^o]Al7l^ JL3)- 

1- ^71 ^^-oltf. #71 1^ 51(136)^1 sl«H #7l Hf0 2 ^-^^"(134) vfls) l-^#o] 

Tim ^ $1°.^, #7i Hfo 2 -ft^Ki34)2i ^ if-^ a^i- ^-a- ^ 5*4. 

<47> #71 1^51(136) ^^.S-^i ^ ^7H1^^ OJ^SI, #^ ^71 ^-fl^ 

7}i ^7HHol rta (rapid thermal annealing), <H^*8 (furnace 

annealing), f-^f^f (plasma annealing), UV ^--g- ^-g.^- ^ ojt^. a> 

^ ^-^7Hi^oi ^J^e)i- ^Itr ^-^71 7}+sL*\ if t^ 0 2 , N 2 0 ^°1 A>-g-sH , ^ 
7>i ^7l# iflSHSr n 2 , Ar ^^1 A>-g-^cf. #71 <1^5K136) ^, ^ 

0 3 ^XT 0 2 t^SP} ^7l^H1^2l ^7> I^Sl^ ^ # 7 1 A 7> 

^ #71 ^£1(136) *H « ^51 514. #71 1^(136) ^ ^7> ?J^sl^- ^-fofl 
^Hr ^ 7>^>cl-. 

<48> S. lei- #^r<£ , #7l Hf0 2 ^-^^-(134) ^ofl #Jf ^^-(140)^- ^ 50 - 2000A 

si ^Mls ^^trcf. #71 #-*f #q-(140)£- #el^ele, ^ HL^r ^#.2.3. 

°l-¥-olxl^r 21 4^o.S. ol-olxlt}. ofl§ s.^ , # 7 1 #JjL 

(140)^ #el^ s is. i TiN, TaN, WN, Ru, Ir, Pt -f-^-S ol-f-o^l^- ^-ojaj- SE^ o^oj 
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TiN/l-B^B^, TaN/^el^el^-, Ru/TiN 1- ^ ^cf. #7l #Jf *R(140)£ ALD 

H c v ^, CVD «o v ^ ( MOCVD (metal -organic chemical vapor deposition) nJ-^O-.S. ^ 

€ <r ZL ^ MOCVD «o V ^^ ^ #^SAi ^ -fM •§■-§■ A>-8-*rfe %SL5L, 

SL^QSLZ. € ^ 5^ CI €^>« f-B-^f^ ^3. A}-g-*r*l ^ro}- V}B±Z\Z} 

o]v\ ^isY ti}<4 ^o], ^ ^ofl tc}-^ ^AlEi^r A1 2 0 3 -fr^( 132)^- , 

A1 2 0 3 ^-^^(132)4 ^-TlM- c) ^ ^11- ^71 Hf0 2 -8-^^(134)«.S 

Al 2 0 3 /Hf0 2 7>^4. ^, #7] Al 2 0 3 /Hf0 2 A1 2 0 3 -fr*l 

^/Hf0 2 -B-^^ ^MNfe 1 <>l#°l4. ^ Al 2 0 3 /Hf0 2 ^^t 

7lsf|AlE^ ^ ^ ^Al^ ^ o] nfl, ^1-71 A1 2 0 3 -fr^ 

(132)3] ^11- <* 30 - 60A2] ^^t^ 7]3|)AlE^ -f}- ^ 

B]^^ (tunnel ing)-i- ^ 5U°.^ 4^"fr#^ ¥^ ^ ^H3# ^ 

# ^ 5£*V, Hf0 2 ^-^^"(134)^ ^7} 40A <^1*>S $\S.3.^ <#7] 

Hf0 2 -fV^W 134)^1 ^s}- g 4^ nr^S ^7># ^ 5£^. 

£ 2b Al 2 0 3 /Hf0 2 4^-n-€^* H 3 !^]^ °fl *\ A1 2 0 3 Hf0 2 -if ^ v 

^ ^ ^€ ^RVs^ ^^(Toxeq)^l tfltr 3*^ zi 

£ "Ai" £ "A 2 "S- ^ #S£\ ifl^-ofl oi^ «.«ol Al 2 0 3 /Hf0 2 4^"fr# 

A1 2 0 3 H^liLt} Hf0 2 ^7} c] Jf «--g- M-i^b 
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^ 0 14. "Ai" g "A 2 "$- S.*]Q A €3 ifl^H^ ¥-£ ^H3°l 3J-§- J±<*| 

<52> £ 3^ Al 2 0 3 /Hf0 2 7}*\$r 7) ^ *} 3 ofl A1 2 0 3 Hf0 2 ^-3^ 

o] ^1 til oil ¥ A d W o}JjL$ q-El-vfl ^Olcf. £ 3 oflAi S ai^ z{- ^^V#^ 

zl-zl-oi ^^AlEloflA-l - 7 Rl5^ ^7ll(Toxeq)» M-Bl-^cf. £ 3°1H, A1 2 0 3 

-B-^^/HfQ2 -fr^^l ^^til7V ^>^-S. ^^-7> <12}-51^ 4 s 

< 53 > £ 4 ^ Al 2 0 3 /Hf0 2 ^-fr^-fr ^sflAlEioflAi 20A^1 ¥*fl«- 7>*1 

^ A1 2 0 3 $H Hf0 2 -fr^-i- $^*|-$jl-g- nfl ^ ^=oi ^ # 

^^-» M-E]-\a ZLeflH^cf . £ 4<*IM "Tox"^ ^H+sK 1 " uj-Bfuflrf. 

<54> s. 4<*M, A1 2 0 3 ^^7Hf0 2 -fh^^ ¥^«17> l.OiU} ^ ^-f , ^ A1 2 0 3 -ft 

^nVo} -^71- Hf0 2 -fr^^l ^iU} ¥it #ff- I^St^, 

A1 2 0 3 -H-^q-/Hf02 ¥^1«17> l«y ^ A1 2 0 3 -B-^^ ^4 Hf0 2 -8-31^ 

<55> £ 5tt Al 2 0 3 /Hf0 2 7l3(HeH]A-l 35A A1 2 0 3 -R-^ 

^oii cf^^v H f0 2 ^*>S^ °fl ^ ^^-^1 ^Sfl- ^^-1- M- 

El-\H ZLefl^ojcl-. 

<56> £ 5<HlAi, A1 2 0 3 -ft-*l^/Hf0 2 ¥^lwl7> mcf ^^oil^ if ^ ^ff- 

s-Ajol 13^53-°^, A1 2 0 3 -ff-^/Hf0 2 -fr^^ ¥^I«17> 1 icf ^ ^-foflb 
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<57> £ 6^r cfl^-g-A^ ^7>*V , A1 2 0 3 ^- ^TJO-S. ol=-c^^l ^-<^f^ 7> 

*l*r t^aIe^ ipA^ ^ s.^^. q.^^ -^^^ £ 6°f| *] , A1 2 0 3 ^ ^^Il7> # 

i^-ofl = 7 }A>^.^ ^^(Tox)7> #^*lcf. SE^-, -H-^SVS] ^ A l 2 0 3 ^ 

^•^7> 33A^ nfl ^-^^>7fl ^7}^. 5L 63] A1 2 0 3 ^ #^2-3. a>-§-§> 

^ ^« *fl A1 2 0 3 ^ ¥*l ^ -R-^^ ^SJ-tt ^7>A> 

<58> £ 70. ^. ^ofl yj-igofl Al 2 0 3 /Hf0 2 ^-^-B-^l^ 7}7] 

^ 7i3l]A]BHH Hf0 2 -R-^i^ ^11- 20 A AS <£^*}7)] *}51, A1 2 0 3 -fh*!^- ¥*H# 
cHH^l nfl ¥i§ ^sHI- ^^*l <4^\E nefl^oicf. 

<59> £ 70^ , A1 2 0 3 -JHl^ ¥^l7> z]-z| 20A ^ 25A<y ^^Ml^ 2V °l*>3l v£o_ ^ 

oj- ^ ^ = 7> a7ll ^7]-*l tiV^, A1 2 0 3 -e-^Bj- ^7} ^ 30A ^ 35 

A°J <Hl£r Al 2 0 3 /Hf0 2 4f-B-^^ ^SoflAi ^ ^-7Rt^nv -^ (Tox)1 . 7>^o)l3E 
1-^>ZL A1 2 0 3 -R-^^ 7^ ^ ufBftfl^cf 

<eo> £ 8^ ^<*fl 4^- Ih'SH £}*H Al 2 0 3 /Hf0 2 ^-^-R-^^ 7H^ 7] 

^^]*\]*\ 30A51 <^*1 ^1# 7}7)±r A1 2 0 3 $H Hf0 2 -fr^ 

* ^*>S^ °fl ¥^ ^» M-H}u£ ZL2flHO]T=f. 

<61> £ 8*IM. Hf0 2 -fr^S] ^-^71- ^7>^-ofl nfE} ¥^ *HHr V^lul $14. 

¥Ei, A1 2 0 3 -R-^^ ¥^17> ^7>*1 ^¥li4¥ ¥^ 7flAi ^^.^nV 

Hf0 2 -B-^i^ ^7} f7^aj£ - 7> A>2j.n^ ^)( To xH n]*)^ <g ¥ 

5S4. 
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<62> #71$ ^-ol, Al 2 0 3 /Hf0 2 4^^^ ^jrflAlE-]^^ ^ ^ Jf-# 

£ Hf0 2 -fr^^ ^ i£i=Hr A1 2 0 3 -rr^3] ^MN 3711 31^-jl &tK nJ-HH, 
Al 2 0 3 /Hf0 2 4^"fr*l*M- 7}*lfe #3 3 SI ^ ^-1- £71 fl*H 

A1 2 0 3 -B-^^ ^-^7> 30A ol^j-o] ^ol wl^^t)-. 

<63> O.S., Hf0 2 ^£r ^V\]7\ ^7}^d\] ttj-ej. ^aV aj-^ofl ^^^-7> 

^^li^. Hf0 2 ^ ^-Tflofl n^-s ^^sl- J^fe- AFM (atommic force microscope)^- 

< 64 > £ 9^ Hf0 2 ^-sl oj-s. AFM °H*11- M-Bl-^ ^Jolrf/AFM <>H*l#<*iH Hf0 2 

q-21 ^l7f 60A<a sl = ^^(roughness)7> ^-2)*}t11 M-bb1-^ji 7 A^r 

^91^ ^ 5M. Hf0 2 ^"Sl ^^7}- ^7>^1 4^ Hf0 2 ^" ^*\<L3. ^^7} 

olH-Tfl Hf0 2 ^ $H>H*7 ^ ^5L7\ HfO^ «1«H 

cfl^o.^. wl-scl-. tt|-eH, £ 931 AFM <>H*HH 1- ^ 9X±: 1k°] , HfO^^ ^) 

7} 60A9J t§°- Hf0 2 eM ml^dl^ 2L«^o.S z\*^\^7} l^SMl 

^cf . AFM ^-bHI tt r sig i Hf0 2 ^3] ^^s)-7> Al^sl^ Jf*fl^ 50 A ^^^1^. 

<65> £ 10^ Al 2 0 3 /Hf0 2 TlsflAlEioflAl 25A3] <^^tr t^II- 7>*1 

^ A1 2 0 3 -fr^n 316)1 cf^tr ^Ml^l Hf0 2 -fr^* ^*r^# np'i ^S}-* 
^*r» ZLefl^olcf. 

<66> Al 2 0 3 /Hf0 2 ^S3l #^J15. 7lrfl£l^ ^1 JZ^-^nV^ o^*V ip^ 

3^ Jl^} Hf0 2 -B-€^-3l ^7}^o\) tc^el- c-1 3. 7^ 7lcfl^ofl5. #^-*> 

31, £ 103] ^^HH^r -S-^l 31 Hf0 2 ^-^7> ^7>f-ofl tcj-e). ^ £ = s.#ol 
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4^- 1^4^ ^£4* 4^534. ^ ^4^r Hf0 2 ^44 ^^oi oi 

^ ##=14. ^r, Hf0 2 -B-#4^ ^v\)7\ ^7}^o\] 44 ^sHS Hf0 2 ^ell^l-i- 

ol ^^>JL, zl ^4 Al 2 0 3 /Hf0 2 ^§-B-#4^ Al 2 0 3 4 Hf0 2 2^]^!t 

°1 -B-#4 ¥^ 4-§-*H ¥^ ^ l^t 3°14. 

<67> ^-71 *V ^7} ^4*3^4 <£ ^ o}^ 44 £o] f Al 2 0 3 /Hf0 2 4^-R-^4 f2t 

7>4^r ^sflAlE^]A^ Hf0 2 ^-°fl ^tb ¥^ ^447] Hf0 2 -B" 

£4£r Hf0 2 4^ ^I^tt ¥*fl 0 14^ « -fr4 «H °> *M zl ¥*fl^r AFM 

^7> £tflS ^ nfl 4 4oA o]^7> 4^444. 

<68> £ 11 ^ JE 12^r 43" Al 2 0 3 /Hf0 2 ^^4* 7>^^ 7^44^14 A l 2 0 3 ^3* 

4/Hf0 2 -B-^4^1 ^lwl7> 114 ^ ¥ A i ^ff-sl ^4t- 44^H nefl^i4. £ 

11 ^ £ 12°H4^r 4S-g-°.S4 Al 2 0 3 4 <>}^o]^\ cfo_] ^ -B-^n]-^. 7 >4^ 

7*14^4 ^ o. ^ q^^tf. 

<69> 14 ^^1^ 0.1, £ 11^ 20A^ ^^tl: n^lS 7>4±r A1 2 0 3 -B"3l4 <#7] 

Al 2 0 3 -B-^4 14 €■ Hf0 2 -B-3i4# ^45i-§- ^ ¥i§ ^ff-4 

^41- M-^-Ml 3.2flHol4. SEth £ 12tt 25 A ^ <&^® 7>4^ Al 2 0 3 

tt^4 4*11 #7l A1 2 0 3 ^#4 14 e ¥4# 7>4^ Hf0 2 -B-#4* ^^^^-i: «fl ¥ 
"a #^-4 ^4* nEfl^oi4. 

<7o> £ 11 ^ £ 124 ^45.^4, Al 2 0 3 -B-#4/Hf0 2 -B-#44 ¥447} 114 A£r 

^ °-Ofl if-^ JL^O] ^S]^. 3^14534. 
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5L 13 £ £ 14^ zj-zj- Al 2 0 3 /Hf0 2 ^tH^^-i- 7>^^ t^a^H A l 2 0 3 -B-# 
^/Hf0 2 -fr*!^ ^lwl7> l o]<#<£ ^ ^ = ^ ^ # q.^ufl nefl^oicf. ^ 13 

^ £ i4<hh^ ^ ai 2 o 3 ^ oi^c^^i c^-^a -B-^q-^. 7 >^m n 

jit). ^-^o.^., £ 13^- 30A51 ^^tb ^Ml* 7}^1^ A1 2 0 3 -B-^ v $H -8-71 
A1 2 0 3 ^ Hf0 2 -B-^* ^ ¥^ #ff-^ 

^<R> M-^-hH n2flHo|i}. s^, ie 14^ 35A51 <a^*v ^*fl« 7>*l^r 

A1 2 0 3 -fr^ $H A1 2 0 3 -B-^^ ^.14 ^ ^-^11- Hf0 2 -fr^* *§^}$% 

* ¥^ ^SHI- M-H}u£ ZLHflH^Cf. 

5L 13 5> 51 14^ ^3.^, A1 2 0 3 -S-^VHf0 2 ^-^ltil7V 1 ol^-oi ^ 

-fofl ^ ^ m^o] oj=jr^ 3 .a. <y- - oicf. 

*KE*ll *flS.3 i^^l Tl^^lBi^ A1 2 0 3 -B-^i^ Hf0 2 ^-^l^S. 
^1^-^^^ Al 2 0 3 /Hf0 2 7>*H, ^"71 Al 2 0 3 /Hf0 2 ^-fi-^^HH A1 2 0 3 

^ev/Hf0 2 -B-#^ T^lfe 1 Al 2 0 3 /Hf0 2 4^^^ ^ 

tH^aIe^ ^ ^ ^x\^ + oirf. 5&th Al 2 0 3 /Hf0 2 

A1 2 0 3 -H-^^ ^ 30 ~ 60A5] ^3flAlE^ -^^°v 

* -f^ ^3<?1 (tunneling)* <3*im 9l<L^ ^-^^^ ¥^ 
^ ^R3# ^ Sl^. ^sl^, ^-71 Al 2 0 3 /Hf0 2 ^-^-^MH Hf0 2 -B-^^-^l ¥ 
7l|7> 40A ^-o.5.M| Hf0 2 -B-^i^ ^ nofl trf# ^ 
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ajs^ ^MN* 7H^ Al 2 0 3 /Hf0 2 ^-fr^l^Hl 3 

*H Tl^l^ ¥^ 31^- ^7> <3*fl ^3^1^ ^ #7)3 

7># *H ^S^7>^1 7>^>Cf. 
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1] 

A o v 7l t}^- ^ $W *§"^€ A1 2 0 3 ft&n ^ Hf0 2 -fi-^-i- 3£#*Kn, # 

y\ A1 2 0 3 -fr^^M #71 Hf0 2 -fr^^ ¥^1^- e -7fl S 4^^^, 

[^^9- 2] 

^11^1 sa^i, 

#71 A1 2 0 3 -fr^^r 30 ~ 60A21 *§#^ ^ ^3 ^ tiV£^l ^flS. 

el ^V^l tI^aIe-1. 

3] 

#71 Hf0 2 -B-^i^ 40A ol^ ^Tfls ^-g; ^ y>£^l v\]5L?) 

^7>^1 TlsflAlEl. 

4] 

#7] Hf0 2 -B-^^ 10 ~ 40A^1 ^>$€ ^J^r ^^-S. ^ «V£^ *H5. 

51 7l3flAlEi. 
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[^^* 5] 

15. ^ISS] dl^>^ ^SflAlE]. 

6] 

^71 fr}«- TiN, TaN, WN, Ru, Ir, Pt, ^s-o] i^B[o £ o]^c>|^^ 

?A^r ^^o^ ^ tiyE*fl ^12-51 ^V^l T^A^. 
7] 

IS *Rr .*KE*l] ^SLiU 
8] 

A o V 7l #^8- TiN, TaN, WN, Ru, Ir, Pt , JEEfe- ojs.^ ol-¥-<H*l^r 

#JE*fl nflS-E] 4iX>^| ^sflAlEi . 

9] 
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^-71 ^^-4 a o v 7 | a\o)o\) vi\ 3 

* Ij-^jilS ^ v\)2-Z\ ^BflAlE^. 

[^^J- 10] 

^71 ^^-4 ^ Afoloj) A1 2 0 3 -B-^B]- * H f0 2 

#7] 4^ -fr^HH A1 2 0 3 -fr^^-/Hf0 2 -B-^^ ^-7fl«l7> 1 o]#oi ^s^o 
3. §Hr ^>2] ^2flAlE^. 

in 

^iio%hi 

#7] A1 2 0 3 -R-#^£- 30 - 60A^ ^£ ^HJ ^ nfls. 

l^^-ty 12] 

^110%H1 &<>H, 

#7] Hf0 2 -fi-^^r 40 A if-n^L *§^& ?A^r s.^ o_ s ^ tO-j=^ pflse) 

13] 
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^7} Hf0 2 -n-^^-^r 10 ~ 40A^ ^£ ^-^^5. ^ aVE*)l n||S. 

14] 

*fll0lH 5^*1, 

^-7) Sj-JjL ^-B: TiN, TaN, WN, Ru, Ir, Pt , 5£^r o^s] ifsvo^ ol-f-o^j^ 
3^g- SRr «]r£^ cflS-e] i*}^ ^sflAlEi . 

15] 

*fll0*cH &<H*1, 

A o V 7l ^ TiN, TaN, WN, Ru, Ir, Pt , 5£tt 4^-nv_o S ol^o]^^ 

3# f^A^ ^ ti}5L^l ^.SLii) di^>^ ^ifl^Ei. 
16] 

1 ¥?fl» A1 2 0 3 -rT^^, *Hl ^711^ ^71 ^11 ^-^1^.4 

*1]2 7^1^ Hf0 2 -fr^^S oji^*]^ ^.^-o.^nVO. AV 7 ) ^h. ^q- <flo]j 

«>£^ nflS.S| 4i^>^ tS^^I^ 2fl2: wj"^. 
[^T 1 * 17] 

*fll6%Hl 9\°]*], 
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^■7) A1 2 0 3 -fr*!^ CVD iE^=r ALD ^ tiV£*fl 

18] 

^•71 A1 2 0 3 ^-^^ *IU ^Mlfe- 30 ~ 60A^ ^ MHM ^s]^ 51^ ^3°. 
^ Sfrfe- ^r£^l °1]2.^ ^>^1 ^sfl^lBi ^2: « 0 v^. 

19] 

*fll6*<Hl 91°]*], 

^7} Hf0 2 -B-^i^ CVD i&Tr ALD H^fe ^# ^SLS. *}if *}^) 

v\]2.Z] ±.7} 9] 7]^X\B\ ^ . 

20] 

^-71 Hf0 2 -R-^^r 40A °)is}$>\ ^TflS. ^£]tt 3* §fe «VE.*I1 ^llS. 

21] 

^120^1 Si^i, 

#71 Hf0 2 *fl2 10 ~ 40A^1 ^ ifl*IM 3* ^°.S. 

*>TT ^S-B) ^17>^ TisflAlEi « 0 ^. 

22] 

*1U6*oH1 91°]*], 
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23] 

^-71 5r>^- TiN, TaN, WN, Ru, Ir, Pt , ^t^S °l-¥-<H*l^- 

^^-S *>fe *V51*fl ^£.51 tS^aIe^ S ^ . 

IQtt 24] 

AS. Sfrfe «V5.^11 ^IS-Sl ^^}^1 ^3rflA]E^ ^ Hj-^ 
25] 

#7l TiN> TaN( TO> Ru> Ir> p t> PCi^ ol-g-o] 4fsVo S ol^o^^l^ 

^J-g- ^11 SRr te*H x^lS.51 ^7>^ ^sflAlEi 
[$^& 26] 

*)U6%M1 

2- 51 ^>^1 7}*IM3 «o V ^. 
I^Jt 1 * 27] 

XI 26^ 3X<>]^, 
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^ 7>>i ^7HH<^ RTA ( rapid thermal annealing), 5*M^ (furnace 
annealing), #h}^o> o^^, SEtt UV *^Rr ^HJ O-S. S}^- i&iEafl ^1 
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